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one or more LED drive parameters and non-volatile memory
for storing settings data for that control module(s). The con-
trol module(s) 1s fully integrated into the LED driver IC and
does not require any control input from oif-chip components
or signals. Theretfore, the space requirements for LED circuits
that make use of the LED driver IC can be minimized. Also,
the non-volatile memory storage of settings data eliminates
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Ogawa et al the need for an 1nitialization or configuration input each time
Reno the LED driver IC 1s powered on. The non-volatile memory
Saita et al. can be a one-time programmable memory or can be a repro-
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LED DRIVER WITH INTEGRATED BIAS AND
DIMMING CONTROL STORAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to mtegrated circuits, and 1n particu-
lar to a light emitting diode driver circuit that includes on-
board bias and dimming control settings.

2. Related Art

A light emitting diode (LED) 1s a diode that emits photons
in response to a current tlow between 1ts anode and cathode.
LEDs are often used 1n modern lighting applications due to
their durabaility, efficiency, and small size compared to other
light sources.

The two main characteristics of LED output are spectral
distribution and optical intensity. “Spectral distribution™
refers to the distribution of light wavelengths 1n a particular
frequency band of the LED output while “optical intensity”
refers to the overall brightness of the LED output. The values
ol these output characteristics-are controlled by a set of LED
drive parameters. For example, the LED drive parameter that
controls the spectral distribution of a LED output 1s bias
current (1.e., the current flowing through the LED). Optical
intensity can also be controlled by bias current, but since
changing the bias current changes the spectral distribution of
the LED output, using bias current as a drive parameter for
brightness control 1s oiten unacceptable.

Therelore, to adjust the optical intensity of a LED while
maintaining the desired spectral distribution, pulse width
modulation (PWM) 1s usually employed. PWM 1nvolves
regulating the bias current through the LED so that the current
switches between zero and the optimal bias current. By
increasing or decreasing the duty cycle (1.e., the percentage of
time a bias current 1s actually flowing through the LED in a
given period) of this switching, the optical mtensity of the
LED output can be increased or decreased, respectively, with-
out changing the spectral density of the LED output. By
cycling at a high enough frequency, visible tlickering of the
LED output can be avoided.

To properly drive LEDs in modern LED applications, LED
driver I1Cs (integrated circuits) are commonly used. A LED
driver IC includes circuitry that allows for accurate control
over a desired set of LED drive parameters (e.g., bias current
and duty cycle) for a LED or group of LEDs. Note that
because LEDs are current controlled devices, voltage 1s not
considered a LED drive parameter. The voltage drop across
any given LED or group of LEDs 1s determined by the LEDs
themselves, and cannot actually be controlled by the LED
driver IC.

FIG. 1 shows a conventional LED circuit 100 formed on a
board 101. LED circuit 100 includes a LED driver IC 103,
such as the LINEAR TECHNOLOGY™ [[T1932 LED driver
IC, which includes an mput voltage pin VIN, a switching pin
SW, a LED drive pin DRV, a shutdown pin SHDN, a current
set pin RSET, and a ground pin GND. LED dnver IC 103
drives a string of LEDs LS1 via LED drive pin DRV,

To generate the voltage required by LED string LS1, LED
driver 1C 103 includes switching circuitry that periodically
shorts an inductor L1 to ground via switching pin SW. This
allows energy (from supply voltage VIN) to be stored 1n the
magnetic field of inductor L1. When the short 1s removed, the
combined voltage from inductor L1 and mput voltage
VSOURCE charges a capacitor C2 to provide an elevated
voltage VBOOST at node A, thereby providing an elevated
voltage that satisfies the forward voltage requirements of
LED string LLS1.
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The specific values for the LED drive parameters that are
applied to LED string LS1 by LED driver IC 103 are deter-
mined by a set of external (1.e., ofl chip) components, includ-
ing a resistor R1 and a dimming circuit 102, which are both
mounted on a printed circuit board (PCB) 101. For example,
the bias current that tflows through LED string L.S1 1s deter-
mined by a programming current that flows out of set pin
RSET. Resistor R1, which 1s connected between current set
pin RSET and ground, determines the magnitude of this pro-
gramming current. The higher the resistance of resistor R1,

the lower the programming current, and the lower the current
flow through LED string LLS1.

The optical intensity of the output from LED string LLS1
can be adjusted via shutdown pin SHDN. A PWM signal
PWM_CTRL from dimming logic 102 applied directly to
shutdown pin SHDNcauses LED driver 1C 103 to apply the
same on/off duty cycle to LED drive pin DRY, thereby pulsing
LED string LLS1 at the same rate as PWM signal PWM_C-
TRL. By increasing or decreasing the duty cycle of PWM
signal PWM_CTRL the brightness of the output {from LED
string L.S1 can be increased or decreased, respectively.

In this manner, the components of LED circuit 100 that are
external to LED driver IC 103 ensure that LED driver IC 103
applies a desired set of LED drive parameter values to LED
string LS1. As a result, LED string LLS1 1s caused to produce
a LED output having a desired spectral density and optical
intensity.

Note that while different LED driver ICs may use different
sets of external components, all conventional LED driver ICs
require some type of external circuitry for setting LED drive
parameter values. Unfortunately, those external components
can complicate the assembly and limit the minimum size of
LED circuits that include conventional LED driver I1Cs.

In an effort to remove some of the size constraints associ-
ated with LED driver 1Cs, the ADVANCED ANALOGIC

TECHNOLOGIES™ AAT3113 and AAT3114 LED driver
ICs 1include a bias current module that can be programmed by
an external programming signal. However, because the
AAT3113/4 LED drniver ICs require the external program-
ming signal each time the chip 1s powered up, the responsive-
ness of those LED driver ICs 1s compromised. For example,
“instant on” operation 1s not possible since the AAT3113/4
LED driver ICs must wait for the programming signal before
it can provide the desired bias current. Furthermore, the need
for a signal source to provide the programming signal (or a
control signal such as a PWM signal) can significantly com-
plicate the overall LED circuit design.

Accordingly, it 1s desirable to provide a LED driver IC that
minimizes area requirements and can operate without exter-
nal control signals or external components.

SUMMARY OF THE INVENTION

According to an embodiment of the invention, a LED
driver IC includes at least one non-volatile memory for stor-

ing settings data for at least one LED control module 1n the
LED dniver IC.

According to another embodiment of the invention, a LED
driver I1C includes one or more LED control modules and one
or more non-volatile memories for storing settings data for
the LED control modules. The one or more LED control
modules control one or more LED drive parameters at values
defined by the settings data stored 1n the one or more non-
volatile memories. Therefore, the one or more LED control
modules do not require any external (oif-chip) components
and/or signals.
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According to another embodiment of the invention, a LED
circuit includes a LED driver IC and at least one LED. The
LED driver IC includes at least one LED control module and
a non-volatile memory for storing settings data for the LED
control module. The at least one LED control module controls
at least one of the LED drive parameters for the at least one
LED, based on the settings data stored in the non-volatile
memory. According an embodiment of the invention, each
LED control module can be associated with a different non-
volatile memory. According to various other embodiments of
the invention, a single non-volatile memory can include mul-
tiple sets of settings data associated with multiple LED drive
parameters and/or LED control modules.

By fully integrating non-volatile memory and associated
LED drive parameter control logic mnto a LED driver IC, the
invention allows the size of LED circuits incorporating the
LED driver IC to be reduced. Furthermore, the non-volatile
memory, which stores settings data for the LED drive param-
eter control module(s), beneficially eliminates the need for
any configuration or control mmputs to set or manage the
behavior of the control logic.

The mvention will be more fully understood 1n view of the
tollowing description of the exemplary embodiments and the
drawings thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a conventional LED
circuit using a conventional LED driver IC.

FIG. 2 1s a schematic diagram of a LED driver IC incorpo-
rating non-volatile settings memory in accordance with an
embodiment of the invention.

FIG. 3A 1s a schematic diagram of a LED circuit using a
LED dniver IC having non-volatile settings memory in accor-
dance with another embodiment of the invention.

FIGS. 3B-3E are schematic diagrams of various LED con-
nection configurations for the LED circuit of FIG. 3A,
according to various embodiments of the invention.

FI1G. 4 1s aschematic diagram of a LED circuit using a LED
driver IC having non-volatile settings memory and fully inte-
grated LED control modules 1n accordance with another
embodiment of the invention.

DETAILED DESCRIPTION

FIG. 2 shows a LED driver 1C 290 1n accordance with an
embodiment of the imnvention. LED driver IC 290 includes a
LED control module 220 for controlling at least one LED
drive parameter, a non-volatile memory 210 for storing set-
tings data for LED control module 220, and pins 210-1, 291,
291-1, and 292.

LED control module 220 manages its associated LED drive
parameter(s) (e.g., bias current and duty cycle) based on the
settings stored in non-volatile memory 210. These LED drive
parameter settings can comprise any type of information for
determining the particular value(s) of the LED drive param-
cter(s) provided by LED control module 220.

For example, LED control module 220 could comprise a
bias control circuit for maintaining a bias current through any
LEDs coupled to LED driver IC 290, and the specific magni-
tude of that bias current could be based on a value stored in
non-volatile memory 210. Because 1ts settings information 1s
stored 1n non-volatile memory 210, LED control module 220
does not require any settings input from ofi-chip components
or signals during normal operation, and can therefore by fully
integrated into LED driver IC, which reduces the area require-
ments ol any LED circuit incorporating LED driver 1C 290.
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Note that LED driver IC 290 can include any number of
additional LED control modules 220-1 (indicated by the dot-
ted lines) to control additional LED drive parameters (or even
additional LEDs). The settings data for those additional LED
control modules 220-1 can be stored 1n non-volatile memory
210 or additional non-volatile memories (not shown for clar-
ity) in LED driver IC 290. This on-chip settings storage
beneficially eliminates the need for user control intervention
(e.g., dimming circuit 102 in FIG. 1 could be eliminated).

In general, the more LED drive parameter controls that are
tully mtegrated into LED driver 1C 290, the smaller a LED
circuit using the IC can be. For example, 11 the tully integrated
LED control modules of LED driver 1C 290 provide full LED
drive parameter control (1.e., control all the LED drive param-
eters required by a LED), no space need be reserved for
external control components (e.g., on a PCB or other mount-
ing location for the LED circuit). For example, various exter-
nal components shown 1n FIG. 1 (e.g., resistor R1 and dim-
ming circuit 102) may be eliminated by replacing
conventional LED driver IC 103 with LED driver 1C 290.

According to an embodiment of the invention, LED control
module 220 controls a LED drive parameter(s) for a LED or
group of LEDs coupled to pin 291. For example, LED control
module 220 could comprise a bias current control circuit for
controlling the current flow through any LEDs coupled to pin
291. The specific bias current control circuit could comprise
any circuit for maintaining a desired current flow, such as a
current mirror or current source. Various other types of bias
current control circuits will be readily apparent. The settings
data 1n non-volatile memory 210 would then determine the
magnitude of the bias current provided by the bias current
control circuit (e.g., by specilying a target bias current or by
specilying reference value used by the bias current control
circuit in generating the bias current).

Alternatively, LED control module 220 could comprise a
brightness control circuit for regulating the optical intensity
of any LEDs coupled to pin 291. The specific brightness
control circuit could comprise any circuit for brightness
adjustment, such as a switched current regulator or a PWM
circuit. Various other types of brightness control circuits will
be readily apparent. The settings data in non-volatile memory
210 would then determine the amount of adjustment provided
by the brightness control circuit (e.g., by specilying a per-
centage reduction 1n the average bias current provided to the
LEDs or by specitying the duty cycle of the PWM applied to
the LEDs).

LED control module 220 could also comprise various other
LED drive parameters that can control the behavior of LED(s)
connected to pin 291. For example, LED control module 220
could comprise a “current derating” circuit for reducing bias
current flow at high operating temperatures to protect the
LED(s) being driven by LED dniver 1C 200. The specific
current derating circuit could comprise any current regulation
circuit (such as described above) and a temperature sensor.
The settings data 1n non-volatile memory 210 would then
determine the particular current derating factor applied by
LED control module 220 (e.g., by providing a table of derat-
ing factors associated with particular temperatures). Various
other configurations for LED control module 220 will be
readily apparent.

Note that according to various embodiments of the mnven-
tion, LED control module 220 can also control LED drive
parameter(s) for LED(s) coupled to optional pin 291-1 (e.g.,
LED dniver 1C could drive different LED groupings via pins
291 and 291-1). Note further that, while depicted as a single

pin for exemplary purposes, optional pin 291-1 can represent
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any number of additional pins that recerve LED drive param-
cter management from LED control module 220.

As practitioners will appreciate from the above-described
examples, the structure and method of operation of LED
control module 220 may vary. LED control module 220 has a
capability of recewving settings data from non-volatile
memory 210 and controlling one or more LED drive param-
cters for one or more LEDs based on the settings data. The
structure of LED control module 220 may include any circuit
(e.g., logic circuits or a processor and software) capable of
providing LED drive parameter control.

As described above, the specific value(s) for the LED drive
parameter(s) provided by LED control module 220 1s deter-
mined by the settings data stored 1n non-volatile memory 210.
According to an embodiment of the invention, non-volatile
memory 210 can comprise any non-volatile memory type,
including one-time programmable memory (e.g., read-only
memory (ROM) or programmable read-only memory
(PROM)) or reprogrammable memory (e.g., erasable pro-
grammable read-only memory (EPROM), electrically-eras-
able programmable read-only memory (EEPROM), or even
random access memory (RAM) powered by a battery
backup). An optional programming pin or pins 210-1 (indi-
cated by the dotted lines) can provide an interface for pro-
gramming or reprogramming non-volatile memory 210.
Thus, according to various embodiments of the mvention,
LED driver IC 290 could come pre-programmed from the
factory, or could be (re)programmed by a user.

Because non-volatile memory 210 retains its stored set-
tings data even when LED driver IC 290 1s powered off, LED
control module 220 can begin providing 1ts desired LED drive
parameter(s) control immediately after LED driver 1C 290 1s
powered back on (in contrast to those conventional LED

driver 1Cs that require a configuration mput signal each time
the I1C 1s powered on, such as the AAT3113 and AAT3114

LED drniver ICs described above).

According to various embodiments of the invention,
instead of being coupled to pin 291 by a direct connection,
LED control module 220 can be coupled to pin 291 (and
optionally to pins 291-1 and/or 292) by optional supplemen-
tal circuitry 295 (indicated by the dotted line). Supplemental
circuitry 295 can include any circuitry required 1n addition to
LED control module 220 for controlling (and routing) the
desired LED drive parameters, and can even include one or
more LEDs to be driven by LED control module 220.

For example, 11 LED control module 220 comprises a
PWM circuit for brightness control, supplemental circuitry
295 could include bias current control circuitry (e.g., a current
source or current regulator) for supplying the desired bias
current to LEDs coupled to pin 291. LED control module 220
could then cycle the bias control circuitry on and off at a duty
cycle determined by settings data stored in non-volatile
memory 210 to provide a desired optical intensity from the
LED output.

Note that supplemental circuitry 295 need not be fully
integrated into LED driver IC 290. For example, 11 supple-
mental circuitry 295 includes bias control circuitry, the spe-
cific bias current provided by that bias control circuitry could
be determined by a resistor external to LED driver 1C 290
(stmilar to resistor R1 described with respect to FIG. 1).

According to various other embodiments of the invention,
supplemental circuitry 295 could be connected to pin 292,
and LED control module could be connected to pin 291, to
drive LED(s) connected between pin 292 and 291. For
example, supplemental circuitry 295 could provide a desired
bias current for the LEDs, while LED control module 220

could include a switchable ground path that could be enabled
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6

and disabled at a duty cycle specified by the settings data
stored 1n non-volatile memory 210 to regulate the brightness
of the LED output. Various other arrangements will be readily
apparent.

FIG. 3A shows a LED circuit 300, according to an embodi-
ment of the invention. LED circuit 300 includes a LED driver
IC 390 for driving a LED cluster LC. LED driver 1C 390 1s
substantially similar to LED driver IC 290 shown 1n FIG. 2,
and includes a LED control module 320 and a non-volatile
memory 320 for storing settings data for LED control module
320. An optional pin or pins 310-1 can be included to provide
a programming interface for non-volatile memory 310. LED
control module 320 1s coupled to a pin 391 (and optionally to
pins 391-1 and 392) either by a direct connection or by
optional supplemental circuitry 395. LED control module
controls at least one LED drive parameter for LED cluster LC
(and any other LEDs coupled to pins 391-1 and 392) based on
the settings data stored 1n non-volatile memory 310.

Optional supplemental circuitry 395 in LED driver 1C 390
controls any other LED drive parameters not managed by
LED control module 320. As described above, supplemental
circuitry 395 may operate in conjunction with external com-
ponents to provide a desired functionality, as indicated by the
dotted outline for supplemental circuitry 395-1 (e.g., supple-
mental circuitry 395-1 could comprise a bias current control
circuit for providing a bias current that 1s determined by a
resistor external to LED driver IC 390 (similar to resistor R1I
described with respect to FIG. 1)).

LED cluster LC 1s connected between pin 391 and ground.
Note that, while a string of four LEDs are shown for explana-
tory purposes, LED cluster LC can comprise any number and
arrangement of LEDs. For example, LED cluster LC could
consist of a single LED, or alternatively could consist of
multiple strings of LEDs in parallel.

As described above, LED control module 320 can com-
prise any circuit for controlling at least one LED drive param-
cter for LED cluster LC. For example, LED control module
320 could comprise a bias control circuit for controlling the
bias current through LED cluster LC, a brightness control
circuit for applying PWM (or any other type of brightness
adjustment) to the bias current provided to LED cluster LC, a
current derating circuit for reducing the bias current at high
operating temperatures, or even a combination of multiple
different drive control circuits. In each case, the settings data
stored 1n non-volatile memory 310 determines the specific
value of the LED drive parameter(s) provided by LED control
module 320.

Note that, while LED cluster LC 1s depicted as being con-
nected between pin 391 and ground for exemplary purposes,
various other LED connection configurations can be used
depending on the particular functionality and configuration of
LED control module 320 (and supplemental circuitry 395/
395-1).

For example, FIG. 3B depicts a detail view of the LED
connection region for LED circuit 300, according to an
embodiment of the invention. In FIG. 3B, LED cluster L.C 1s
connected between pins 392 and 391 of LED driver IC 390. In
this configuration, LED control module 320 could provide
brightness control and/or bias current control (based on set-
tings data stored 1n non-volatile memory 310), and supple-
mental circuitry 395 would control any remaining LED drive
parameters required by LED cluster LC (e.g., forward voltage
control).

Note that according to another embodiment of the mnven-
tion, the polarity of LED cluster LC could be reversed
between pins 391 and 392, as shown i FIG. 3C. In this

configuration, LED control module 320 could control any
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combination of bias current, forward voltage, and duty cycle
(once again, based on settings data stored in non-volatile
memory 310).

Note further that supplemental circuitry 395 need not nec-
essarily provide 1ts LED drive parameters via pin 392. For
example, FIG. 3D shows another detail view of the LED
connection region for LED circuit 300, according to another
embodiment of the mvention. In FIG. 3D, supplemental cir-
cuitry 395 incorporates components that are internal to LED
driver IC and components that are external to LED driver IC
390 (as 1ndicated by the dotted outline of supplemental cir-
cuitry 395). In FI1G. 3D, supplemental circuitry 395 receives
a supply voltage VIN and provides an adjusted voltage VAD
to LED cluster LC via a connection external to LED driver IC

390 (for example, using a charging circuit similar to that
formed by inductor L1, Schottky diode D1, and capacitor C2

shown 1n FIG. 1).

Also, as described above with respect to FIG. 2, LED
control module 320 can control LED drive parameters for
multiple LED clusters, as shown in FIG. 3E. In FI1G. 3E, LED
control module 320 1s coupled to LED cluster LC via pin 391
and 1s coupled to LED cluster LC-1 via pin 391-1. Note that
while two LED clusters are depicted for exemplary purposes,
a single LED control module could be coupled to any number
of LED clusters.

The particular LED drive parameter values provided to
LED clusters LC and LC-1 by LED control module 320 are
determined by the settings data stored in non-volatile
memory 310. According to an embodiment of the invention,
the settings data can instruct LED control module 320 to
provide the same LED drive parameter(s) values to both LED
clusters LC and LC-1. According to another embodiment of
the invention, the settings data can mstruct LED control mod-
ule 320 to provide different LED drive parameter values to the
different LED clusters ({or example, 1f LED clusters LC and
LC-1 have different drive or performance requirements).
According to another embodiment of the imvention, supple-
mental circuitry 395 could include switching logic to select
the pin to which LED drive parameter(s) from LED control
module 320 are being applied at any given time.

FI1G. 4 shows a LED circuit 400 in accordance with another
embodiment of the mvention. LED circuit 400 includes a
LED driver IC 490 for driving a LED cluster LC. LED driver
IC 400 1s substantially stmilar to LED driver IC 390 shown 1n
FIG. 3A, except that LED driver IC 400 includes two LED
control modules 421 and 422, which control LED drive
parameters for LED cluster LC based on settings data stored
in non-volatile memories 411 and 412, respectively. As
described above with respect to FIG. 2, such settings data can
include bias current values, PWM settings, and current der-
ating factors, among others. Note that while non-volatile
memories 411 and 412 are depicted as discrete memories for
exemplary purposes, they can alternatively comprise a single
memory within LED driver 1C 490. According to an embodi-
ment of the mvention, optional pins 411-1 and 412-1 can be
provided to allow {for (re)programming of non-volatile
memories 411 and 412, respectively.

LED control modules 421 and 422 can comprise any cCir-
cuitry for controlling the LED drive parameters required by
LED cluster LC. Just as with LED driver IC 390 shown 1n
FIG. 3A, LED control modules 421 and 422 can be coupled to
any combination of pins 491, 491-1, 492, and 492-1, either
directly or via optional supplemental circuitry 495 or 495-1.

For example, according to an embodiment of the invention,
LED control module 422 could comprise a bias control circuit
tor providing an appropriate bias current to LED cluster LC,
with non-volatile memory 412 storing magnitude settings for
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the bias current. Meanwhile, LED control module 421 could
comprise a PWM circuit that “makes and breaks™ a connec-
tion between LED control module 422 and pin 491 at prede-
termined 1ntervals to provide a desired optical intensity from
LED cluster LC, with non-volatile memory 411 storing the
duty cycle settings for LED control module 422.

According to another embodiment of the mvention, LED
control module 422 could comprise a PWM circuit that
“makes and breaks™ a connection to an appropriate forward
voltage for LED cluster LS while LED control module 421
regulates the bias current through LED cluster LS, with non-
volatile memories 412 and 411 storing the appropriate set-
tings data. Various other configurations will be readily appar-
ent.

According to other embodiments of the invention, LED
control modules 421 and 422 can comprise other types of
circuits for generating other types (and combinations) of LED
drive parameters. Also, just as with LED driver IC 390 shown
in FIGS. 3B-3E, the specific connection configuration
between LED cluster LC (and any other attached LED clus-
ters) will depend on the particular functionality and configu-
ration of LED control modules 421 and 422.

The various embodiments of the structures and methods of
this invention that are described above are illustrative only of
the principles of this invention and are not intended to limait
L
C

ne scope ol the invention to the particular embodiments
escribed. Thus, the invention 1s limited only by the following
claims and their equivalents.

We claim:

1. A light emitting diode (LED) driver itegrated circuit
(IC) comprising:

a first non-volatile memory for storing a first set of LED

drive parameter settings;

a first LED control module coupled to recerve the first set of
LED drive parameter settings from the first non-volatile

memory, wherein the first LED control module further
controls a second LED drive parameter, and wherein the
first set of LED drive parameter settings further deter-
mines a value for the second LED drive parameter.

2. The LED driver IC at claim 1, wherein the first nanvola-
tile memory comprises a onetime programmable memory.

3. The LED driver IC of claim 1, wherein the first nonvola-
tile memory comprises a reprogrammable memory.

4. The LED driver IC of claim 1, wherein the first LED
control module controls a first LED drive parameter 1n
response to the first set of LED drive parameter settings,
wherein the first set of LED drive parameter settings deter-
mines a value for the first LED drive parameter.

5. The LED dniver I1C of claim 4, further comprising a first
pin coupled to the first LED control module, wherein the first
LED control module provides the first LED drive parameter
to the first pin.

6. The LED dniver IC of claim 4, further comprising a
plurality of pins coupled to the first LED central module,
wherein the first LED central module provides the first LED
drive parameter to each of the plurality of pins.

7. The LED driver IC of claim 6, wherein the first LED
control module provides a different value of the first LED
drive parameter to each of the plurality of pins.

8. The LED driver IC of claim 4, further comprising:

a plurality of pins; and

switching circuitry coupled between the first LED control

module and the plurality of pins, wherein the switching
circuitry selects one of the plurality of pins to receive the
first LED drive parameter from the first LED control
module.
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9. The LED dniver IC of claim 4, further comprising a
second LED control module coupled to receive the first set of
LED drive parameter settings from the first nonvolatile
memory, wherein the second LED control module controls a
second LED drive parameter in response to the first set of
LED drive parameter settings, wherein the first set of LED
drive parameter settings further determines a value for the

— -

second LED drive parameter.
10. The LED driver IC of claim 4, further comprising:
a second nonvolatile memory for storing a second set of

LED drive parameter settings; and

a second LED control module coupled to receive the sec-
ond set of LED drive parameter settings from the second
nonvolatile memory, wherein the second LED control
module controls a second LED drnive parameter 1n
response to the second set of LED drive parameter set-
tings, wherein the second set of LED drive parameter
settings determines a value for the second LED drive
parameter.

11. The LED driver IC of claim 10, further comprising:

a {irst pin coupled to the first LED control module, the first

LED control module providing the first LED drive
parameter to the first pin; and

a second pin coupled to the second LED control module,
the second LED control module providing the second

LED drive parameter to the second pin.

12. The LED driver IC of claim 11, wherein full LED drive
parameter control 1s provided by the ﬁrst LED control module
and the second LED control module.

13. The LED driver IC of claim 4, wherein the first LED
drive parameter comprises bias current, and wherein the first
set of LED drive parameter settings comprises bias current
value mformation.

14. The LED driver IC of claim 4, wherein the first LED
drive parameter comprises duty cycle, and wherein the {first
set of LED drive parameter settings comprises duty cycle
value mformation.

15. The LED driver IC of claim 4, wherein the first LED
drive parameter comprises current derating, and wherein the
first set of LED drive parameter settings comprises current
derating factor information.

16. A light emitting diode (LED) circuit comprising:

at least one LED); and

a LED driver integrated circuit (IC) coupled to the at least

one LED, the LED drniver IC comprising:
a first non-volatile memory;
a first LED control module coupled to receive settings
data from the first non-volatile memory; and
a first pin coupled to the first LED control module, the at
least one LED being coupled to the first pin, the first
LED control module providing a first LED drive
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parameter to the first pin, wherein the settings data
from the first non-volatile memory determines a value
for the first LED drive parameter, wherein the first
LED control module further prowdes a second LED
drive parameter to the first pin, the settings informa-
tion from the first non-volatile memory further deter-
mimng a value for the second LED drive parameter.

17. The LED circuit of claim 16, wherein the first nonvola-
tile memory comprises a onetime programmable memory.

18. The LED circuit of claim 16, wherein the first nonvola-
tile memory comprises a reprogrammable memory.

19. The LED circuit of claim 16, wherein the LED driver IC
further comprises:

a second nonvolatile memory; and

a second LED control module coupled to recerve settings

data from the second nonvolatile memory, wherein the
second LED control module provides a second LED
drive parameter to the first pin, and wherein the settings
data from the second nonvolatile memory determines a
value for the second LED drive parameter.

20. The LED circuit of claim 19, wherein the first LED
drive parameter comprises bias current and the settings for the
first LED control module comprise bias current value infor-
mation, and wherein the second LED drive parameter com-
prises duty cycle and the settings for the second LED control
module comprise duty cycle value information.

21. The LED circuit of claim 16, wherein the LED driver IC
further comprises:

a second nonvolatile memory;

a second LED control module coupled to receive settings

data from the second nonvolatile memory; and

a second pin coupled to the second LED control module,

the at least one LED being coupled to the second pin, the
second LED control module providing a second LED
drive parameter to the second pin, wherein the settings
data from the second nonvolatile memory determines a
value for the second LED drive parameter.

22. An itegrated circuit (I1C) comprising:

a control circuit that controls at least one light emitting

diode (LED) drive parameter; and

a nonvolatile memory coupled to the control circuit,

wherein the nonvolatile memory stores settings data,
wherein the settings data determines a value for the at
least one LED drive parameter.

23. The IC of claim 22, further comprising at least one pin
coupled to the control circuit, the control circuit providing the
at least one LED drive parameter to the at least one pin.

24. The IC of claim 23, wherein the at least one pin 1s
coupled to at least one LED.
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